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Introduction 


This report summarizes work done under NASA Contract NAS9-15566 
(5/1/78-8/1/84), The PI conferred with Dr. Dennis Morrison In Tucson, Arizona 
on Oct. 19, 1984 concerning a redraft of this final report. At that time it 
was deemed appropriate to Include only material not covered since submission 
of my last progress report (l.e. June, 1983), 

Objectives 


June 1983 - August 1984 . 

1) To determine if growth hormone (GH) cells contained within the rat 
pituitary gland can be separated from the other hormone producing cell types 
by continuous flow electrophoresis (CFB). 

2) To determine what role, if any, gravity plays in the electrophoretic 
separation of GH cells. 

3) To compare in vitro GH release from rat pituitary cells previously 
exposed to microgravity conditions vs release from cells not exposed to 
raicrogravlty, 

« 

4) To determine if the frequency of different hormone producing 
pituitary cell types contained in cell suspensions can be quantitated by flow 
cytometry. 

5) To determine if GH contained within the human post mortem pituitary 
gland can be purified by CFE. 


Results and Discussion 


Objective //I . 

Preliminary evidence for electroptioretic separation of GH cells was 
accumulated over the past 3 years and was recently published in Biophys . 
Biochem . Methods (Plank et al« , 1983; see enclosed reprint). Positive results 
were achieved using a) density gradient electrophoresis and b) CFB on the 
McDonnell Douglas (MDAC) device. Results obtained using the latter device are 
partlcularlly relevant since this is the experimental unit flown on STS-8. A 
summary of this Initial study revealed; 

a) that GH cells were consistently recovered in the high mobility 

fractions (Fig. 1); ^ 

b) that GH cells, after CFE, were able to produce and release hormone 
in culture up to 14 days (Fig. 2); 

c) that GH cells did not apparently have unique electrophoretic 
mobilities as determined by microscopic electrophoresis (Fig. 3) 
leading to the suggestion that 

d) separations achieved on the MDAC device might be attributed to the 
high density of the GH cell type (1.07-1.08 g/cm^), thus resulting in 
"fall back" in the device during electrophoresis (Fig. 4). 
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Fig « la. Hlcclrophorcuc profiles of cells ami their Gif conicni in three eApermiencs using the MeDonncll* 
Douglas CI*Ef>* In RUN 1 and RUN 2 cells were stored oeernigiii in 0,1% USA in Medium 199 prior tii 
separation; in RUN 3, freshly prepared cells were used. Inlet was at fraction 59 in all cases. Cell 
migration was from left to right. 
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Fig. lb*. Eleeirophoreiic profiles of fre.shly prepared rat pituitary cells and their GH content in tui 
experiments using the McDonncIhDouglas CTHS. The effects of changing HT are seen bv eomparm, 
RUN 3 with RUN 4. 
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Fig. ♦ » 2 . Produccion of CM by cells obtained from single eleeirophorciic fractions after .scparaljon using 
the McDonncll'Oouglas CFES, Upper panel shows the /ow/ amount of GH that wus found in cells and 
that accumulated in supernatants of the corresponding cultures of each fraction for RUN 3, Figs. 10 and 
M, Left panel Is the rate of GN production per 500CK) cells averaged over 0-2. 2-7. and 7-|4 days In 
culture after cleclrophorelic separation. Right panel is the total GH production in 1 4 days per 50000 cells 
in each fraction. 










Fig. 4. NHgraii(»n plots of distance migrated as a function of time In the density gradient coluntn 
calculated for cells of varying radius and density but all with the same elect roplu»retlc mobility. Values 
were chosen to be characteristic of known rat pituitary cell subpopu la lions, and a linear dependence of 
lirNf on Ficoll concentration was assumed. 
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The results from this initial study wore important for the following 
reasons : 

first ; prior to publication of these results were no reports in the 
literature indicating that electrophoretic separation of different rat 
pituitary cell types had ever been attempted or achieved; 

second ; our experimental evidence (Fig. 1, 2) was consistent with the 
hypothesis that GK cells had a unique surface charge density and 

third ; the possibility of density-driven separations of GH cells during 
CFE appeared to provide an excellent rationale for a CFE epxerlment in 
mlcrogravlty. 

Objective //2 » 

As explained above, a CPE experiment in mlcrogravlty was done to find out 
if cell density played a role In our ground based CFE experiments. To our way 
of thinking there were 2 possible outcomes of such an experiment: 

Outcome if \ . Result: similar to ground based data. 

Interpretation! cell density does not play a role in 
separations on CFE and GH cells ^ indeed have unique ‘ 
surface charge densities. 

Outcome 112 , Result: no separation of GH cells, l.e. different result 

from ground based experiments. 

Interpretation: GH cell density does play a role in CFE 

separations; therefore GH cells do not have unique surface 
charge densities. 

The reader will appreciate that the logistics of conducting a 
mlcrogravlty CFE experiment are unique and somewhat difficult. To control for 
pre and post-processing holding times we carried out additional ground based 
studies before and after the flight of STS-8. Holding conditions, as well as 
parameters tested in these experiments, are given in Table 1. The actual 
experimental protocol for the mlcrogravlty experiment is outlined in Table 2 
and "event” times are outlined in Table 3. 
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Tobte I 


RAT PITUITARY CELL SEPARATION ON CFESi PROTOCOLS 





Hours/Doys 



Parometer 

4+4- 


Exp 

Gravity 

Condition 

ET 

BE^ 

AE*'^ 

ICII 

Intracell 

Hormone 

Cult 

HPLC 

SDS-PAOE 

GS-l 

1 

150 

NO hr 

6 days 

0 

4- 

4- 

0 

0 

6S-2 

1 

210 

0.5 hr 

0.5 hr 


4- 

0 

0 

0 

GS-3 

1 

150 

72 hr 

5 days 

f 

+ 

4- 

4 

4 

STS-3 

Micro 

300 

72 hr 

5 days 

+ 

4* 

0 

4 

4 

GS-N 

1 

150 

0.5 hr 

0.5 hr 

0 

+ 

4* 

4 

4 


■’’ADproxIniate time between rat kill and electrophoresis, 

■'■^Approxlmote time between electrophoresis and cell processlm. 

^^''’ICH Immunocyte chemistry; Intracellulor hormone » RIA/EIA on O.Ol N lloHCOj 
extracts; culture ■> ciHEM t 5X calf serum ^ antibiotics; HPLC » reverse phase on 
C-13 column. 


Table 2 

STS-8 PROTOCOL 


KILL RATS 

i 

PITUITARY CELL SUSPENSION 


r — 

OG 

1) CFES + lOS flS 


2) 199 * 51 CS 


22*C 


1 

16 

1) CFES + 102 HS 



22’C 

N*C 


CONTENT (RIA) 

2) inilUKOCYTOCHEKlSTRY 

3) CULTURE 
U) HPLC 

5) ANALYTICAL GEL 
ELECTROPHORESIS 


T 


ELECTROPHORESIS 
(TRAY A'5) 



ELECTROPHORESIS 
(TRAY A'6) 


SAMPLE TRAYS 
POOL FRACTIONS 

I 

1) INTRACELLULAR HORMONE 
CONTENT (RIA) 

2) If’MUflOCYTOCHEmSTRY 

3) CULTURE 
A) HPLC 

5) ANALYTICAL GEL 
ELECTROPHORESIS 


3T3-3 PITUITARY CELL ELECTROPHORESIS EXPERIflENT 


TASK 


Tirc FROM KILL 

DATE 

HOURS DiWS 


1) KILL RATS 

2) PREPARE CELL SUSPEflSIOH 

3) CELLS TO CAPE 

H) CELLS UITO CFES SYRINGES 

5) ELECTROPHORESIS STS-3 

6) LANDING 

7) BEGIN SAMPLING TRAY US 

8) END SAMPLING TRAY H5 

9) PROCESS CONTROLS TRAY H5 

10) BEGIN SAMPLING TRAY #6 

11) END SAMPLING TRAY #6 

12) PROCESS CONTROLS TRAY 


8/29 

- 

- 

3/29 


- 

8/29 

8 

- 

3/29 

10 

- 

9/1 

- 

3 

9/5 

- 

8 

9/5 

- 

8 

9/6 

- 

9 

9/6 

- 

9 

9/7 

- 

10 

9/7 

- 

10 

9/8 

- 
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Resales of A CFE cxps>, viz » GS~2, STS-8, GS-S, and GS-4 our cxpcrlmentaL 
dcsignacion) are presented graphically in Fig. 5 as expn. I, 2, 3 and 4 
respectively. Clearly, GH cell separation occurred in inicrogravity (exp. 2), 
thereby confirming that GH cells do indeed possess unique surface charge. 
(Note: the reason these experimental results are "crowded" into one figure is 

simply that they are being submitted for publication in Science in this format 
where space is at a premium). 
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Fig. 5 RcHtilts of 4 raC pltiiltnry cull CFR axpurlmcnCH done under unit gravity 
(experiments t,3,4) or mlcrogravlty (experiment Z) conditions. Numbers of anterior 
pituitary donors (250 g Sprague Dnwley derived rets, Hilltop Labs., Scottdalc, 

PA) used in experiments 1-4 were 50, 134, 50, and 73 respectively. Tissues were 
dissociated into single cells with a trypsln-albumln solution (2) and washed 2x (500 
xg, 10 min, room temperoture) in CFK buffer. At this stage cell viability averaged 
90 + 5X, In experiments 1 and 4 cells were Injected into the CFR device immediately 
oft^r the CFE buffer wash; In experiments 2 and 3 the cells wore held at 4“C for 3 
days in 5 ml syringes prior to Injection. ET values (see pg. ) were 210, 150, 150 
and 150 volt-mln-cro“* for exps. 1-4 respectively. Flfty-80 ten ml fractions were 
collected into tubes containing 3 ml Alpha modified Eagle's medium and calf serum 
(Glbco) such that the final concentration was lx Alpha modified Eagle's medium + 5% 
calf cerum + penicillin-streptomycin 100 U/ml + gentamycin sulfate 10 pR/ml 
(experiments 2 ond 3 only). Cells In experiments 1 and 4 were washed In MEM 
containing O.IX BSA Immediately after collection; those In experiments 2 and 3 were 
held at 4"C for 5 days prior to washing and counting. Individual fractions were 
pooled according to the scheme shown In the first panel of each of the 4 
experiments. The average number of cells In each pooled fraction (i SEM) was 1.51 ± 
0.09 X 10« (Exp 1); 2.22 ± 0.12 x 10® (Exp 2); 2.52 t 0.14 x 10^ (Exp 3) and 1.72 ± 

0,10 X 10^ (Exp 4). Cells contained In each of these pooled fractions and in the 

CPE-washed, non-elect rophoresed fraction were analyzed a) by immunocytochemlstry to 
determine the pcrccr<;age of different cell types (experiments 1, 2, 3); b) by 
specific, homologous radioiifiiimnoassays to determine intracellular hormone levels 
(experiments 1, 2 and 4) ana hormone levels after cell culture (experiments 3, 4) 
and c) by HPLC for characterization of intracellular GH (experiments 2 and 4). 
Procedures for Immunocytochemlstry and antiserum controls are described In (8). 
Antisera final dllutlonsrantl-GH, 1:50,000; antl-PRL, 1:50,000; anti-LH, 1:10,000. 
Differential cell counts were obtained on 500-1000 cells on coded slides by 2 or 3 
investigators. The average % of GH, PRL and LH cells contained in the CFE washed, 
nonclectrophoresed cells was 35+6%, 20 5%, and 10 ;+ 3% respectively for 

experiments I, 2 and 3. Intracellular hormone levels were measured on 0.1 M NallC 03 

extracts using RIA kits kindly provided by the National Institute of Arthritis, 
Digestive Diseases, and Kidney NIADDK (FSH, LH, TSH) or previously validated RIA's 
(GH, PRL-(9)J. Results are expressed in terms of standards designated as follows; 

GH VII-38C; PRL lO-lOB; LH RP-1; FSH RP-1; and TSH RP-l. Electrophoretic cell 
profiles for each of the experiments arc numbered according to where cells first 
appeared among harvested fractons and are not defined according to actual 
electrophoresis channels. Cell viabilities after electrophoresis were 80%, 53%, 

56%, 74% In experiments 1-4 respectively. Numbers of cells electrophoresed were 4.9 
X 10^, 5.38 x 10^, 3.47 x 10^ and 5.15 x 10^ in experiments 1-4, respectively. Cell 
recoveries were 21%, 20%, 73%, and 48% in experiments 1-4. Low recoveries are 
attributed to cell clumping In the holding syringe used for injection Into the CFE 
device. The total number of any given hormone-containing cell type contained in a 
pooled fraction Is obtained by multiplying the % of Immunoposltlve cells in that 
fraction (panels C, E, H, J, L, M) by the total number of cells in that pooled 
fraction (see above). Thus, 63% of the total recovered GH cells In Exp I were found 
In pooled fractions 5, 6 and 7; 67% of the total recovered PRL cells in Exp 1 were 
found in pooled fractions 1, 2 and 3. On the basis of both Immunocytochemlstry and 
Immunoassay data, there was no Indication of preferential cell loss during ^ 
electrophoresis. 
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Count tt on Immiinochenl ca 1 1 y wtalniMl celln contained within the variouH 
fractioiiH atter CFK were critical to docuroc^nt cell enr i chmt*nt • KxampleH ot 
the cell appearance in theae different experiraentn are ottered in 6. 

Since cells are neceasarlly «ubjecte<t to harsh conditions (e.K* low ionic 
strength hufters, loi storage at etc.), it is Important to document that 

we still have Intact cells alter these experimental manipulations. The imap.es 
in Fi^. 6 clearly show that this is the case. 


owQiHW. 
Of POOR 


'S 

\'t 


I 

I 

! 



Fig. 6 Morphology of pituitary cells before and after separation on CFF. Cells 
were deposited on polylys Ine-coated cover slips and stained for intracellular 
hormone (8). Preabsorption of antisera with excess hormone abolished staining. 
Ceils were aluo unstained when nonimmune sera were used at comparable dilutions. 
Panels 5-8, x 100; all others x 620. Panels 1-8 show selected cell fractions 
obtained from CFE experiment 1; panels 9-12 from CFE experiment ff2 (see Fig. 2;. 

In all cases darkly stained ceils are hormone specific while nonjJtained cells are 
grey. Panel 1, CH cells in initial, non-elect rophoresed preparation; panel 2, 
non-CH cells in electrophoresis fraction 4; panel 3, GH cells in fraction 6; 
panels 4 and 5, LH cells in initial non-elect rophoresed preparation at high (620x) 
and low magnlf Icat f on (lOOx); panel b, LH ceils in fr. 7; panel 7, PRL cells in 
Initial non-elect rophoresed preparation; panel 8, PRL cells in fr. 2; panel 9, GH 
cells in non-elect rophoresed preparation before CFF buffer wash; panel 10, GH 
cells in non-elect rophoresed preparation after CFK buffer wash; panels 11 and 12, 
GH cells in frs. 4 and 5, respectively. 
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Wo woco UHpocially Inccrciicud Co find out if colls recovcrod from the CFK 
device were able to produce and celeaBC hormone in culture over prolonged 
periods. If they did, ceil viability during and after CFB would be 
demonti crated. Results of such attempts (Fig. 7) sliow 

a) that Gil cells continue to release hormone for at least 12 days in 
vitro and 

b) that GH cells are separated from PRL cells (which also continue '4:y 
release hormone). 

FiS. 7 



% 


Fig. 7 In vitro release of imraunoreactive PRL and GH from pituitary cells after 
separation by CFE. In experiment 3, 5 x 10** cells from each of the 10 CFE 
fractions (Fig. 2, panel K) were cultured in 200 pi alpha MEM containing 5 % calf 
scrum and antibiotics in 96 well plates (5 wells/fraction) at 37®C under 95% air + 
5% COo. Total culture time was 8 days with 1 medium change at day 4. In 
experiment 4, 75 x lO^ cells from each of the 11 CFE fractions (Fig. 2, panel N) 
were cultured in single T-25 flasks containing 5 ml of Che same culture medium. 
Total time in culture was 12 days with medium changes at day 4 and 8. In addition 
to PRL and GH RIA's (see Fig. 2 legend), medium in experiment 4 was tested for the 
presence of bloactlve GH using the tibia! line assay of Greenspan e£ jd . (10). 

(See Table 1). 
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The rcA'Ier will recognize thdt Fig. 7 Hoes not contain culture Information 
from the microgravlty experiment. Unfortunately, cells from microgrovity were 
heavily contaminated from the MDAC-CFF device. IVo major problems associated 
with the STS-8 experiment were a) the bacterial contamination and b) 
loss of cells attributed to settling in the sample syringe, which forced large 
"pooling" of cells recovered from the CFE unit. 

We have been analyzing intracellular forms of the GU molecule contained 
within CFE fractions by HPLC. This powerful analytic technique permits 
analysis of hormone size and shape depending upon the particular HPLC column 
used. Shown in Fig. 8 are the results of the size of intracellular GH 
molecules contained in CFE fractions in exps. 2 and 4. Clearly, most of the 
l)ormone appears to be monomeric (22K) GH. On the other hand, our preliminary 
data obtained using HPLC-reverse phase columns support the hypothesis that 
different GH cells contained within different CFE fractions contain hormone 
with different shapes (Fig. 9). These results are very exciting and 
completely novel. However, more work will be required for their verification. 



Fig. 8 




Fig. 8. Profiles of Intracellular GH extracted from CFE fractions 
(experiments 2 and 4, see Fig. 1) after HPLC on 2x Waters Progeln Pak 300 SW 
sizing columns. GH contained in each of the 36 HPLC fractions was measured by 
specific GH RIA. Molecules in the size range of monomeric GH (Mp=22K) elute 
in fractions 22**24. The total amount of GH measured in each HPLC run is given 
in pa t-r.ii theses. Start and Start-CFES refers to dissociated, but not 
electrophoresed cel is" before and after CFES (continuous flow electrophoresis 
system buffer wash). Low hormone recoveries in experiment 2 are attributed to 
release of GH from cells held at 4“C for 5 days in after CFE. 
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Finally, in col labora Cion wlch Dr. Richard Grindeland of NASA-*Ainc8, we 
have begun Co invcsClgaCc chc issue of Che biologlcal/lmniunologlcal accivlCy 
racios of GH sccreced from cells afcer CFE. The recenc, unpublished resulcs 
of B/I acclvlcles of GH in media from exp, 4 (Table A) clearly documenC 
Imporcanc fundamencal differences in chese paramecers and InvlCc further 
study. 


Table 4 

Bloactive Rat GH released into culture media 
from CFE separated cells in experiment 4. 


Combined 

Electrophoresis 

Fraction'^ 

Ug Released Bioactive 

GH/Combined 

FracCion/750 ,000 Cells 

Change I"*"*" 

Change 2 

Change 3 

Sum 

1+2 

0 

3.7 

3.1 

6.8 

3+4 

0 

3.1 

4.0 

7.1 

5+6 

0 

8.6 

9.9 

18.5 

7+8+9 

23.2 

29.8 

18.1 

71.1 

10+11 

27.0 

40.7 

20.3 

88.0 

Start-Buffer'*^'^ 

24.9 

27.5 

12.9 

65.3 

Start-Media 

20.7 

51.6 

11.8 

84. 1 


See Fig. 1 (panels N, 0) for eleccrophoresls cell profile and Intracellular 
GH levels obtained in experiment 4. See Fig. 3 for levels of 
immunoassayable GH released into the culture medium from Che 11 individual 
fractions in experiment 4. 

750,000 cells in each electrophoresis cell fraction were Individually 
cultured for a total of 12 days vd.Ch 2 intervening changes at day 4 and 8. 
After GH RIA of individual fractions (Fig. 3), medium samples were pooled as 
indicated and assayed by Cibial line bioassay (7) using 2x2 design (4 
hypophysectomized ^ rats/point). Bovine GH, 1.5 lU/mg, covering Che 
dose range of 5-45 pg, used as standard (n«=5 animals/point). The values 
obtained against bovine GH standards were converted Co values for rat GH (3 
lU/mg) . 

■*“^Allquots of the initial cell suspension which were not electrophoresed but 
kept at 4“C in either CFE buffer or medium 199 containing O.IZ bovine serum 
albumin for a time period comparable to the length of the CFE run. 


IC should be obvious to the reader that a great deal of work has been done to 
meet Obiective 112. In our view the microgravlty CFE experiment was -80% successful. 
In a future microgravlty experiment we would like to be able to recover large numbers 
of uncontaminated cells to find out what effect the microgravlty environment may have 
on subsequent GW production/release at both the cellular and molecular level. 

A comparison of the experimental results obtained on STS-8 vs ground based 
control is given in Table 5. 


Table 5 

Comparison of data obtained in ground based and microgravity 
based CFE pituitary cell separation experiments. 



PARAMETER 

UNIT GRAVITY 

MICROGRAVITY 

1) 

Ceil profile after 

1) spread over ^^50 

1) spread over *^50 tubes 


electrophoresis 

tubes 


2) 

Ceil enrichment- 
imraunocytochemistry 

2) 

2) 


a. GH 

a. 2-3x enrichment 

a. 2x enrichment in 



in mobile fractions 

mobile fraction 


b. PRL 

b. 3x enrichment in 

b. ~2x enrichment in 



low mobiity fractions 

low mobility region 


c. LH 

c. 2x enrichment in most 

c. 2x enrichment in most 



mobile area 

mobile area 

3) 

Cell enrichment- 

3) parallels immuno- 

3) parallels immunocyto- 


intracellular 
hormone (RIA) 

cytochemistry 

chemistry 

4) 

GH cell culture 

4) GH released from 

4) GH not released (?) 

(RIA) 

both high and low 
mobility somatotrophs 



5) 

GH cell culture 

5) bioactive GH perferen- 

5) not done 

( Bioassay) 

tially released from high 
mobility fractions 



6) 

LH, FSH, TSH cell 

6) 

6) not done 

culture (RIA) 

a. LH and FSH output from 
more mobile ceils 

b. TSH-no evidence for 
separation 

c. PRL-output from less 

■N 





mobile cells 


7) 

Character of GH 

7) 

7) 


after HI’LC on gel 

a. GH==22K for all 

a. Mp gH= 22K for all 


sizing columns 

regions 

regions 



b. more GH from high 

b. more GH from high 



mobility regions 

mobility regions 

8) 

Character of GH 

8) Evidence for multiple 

8) Evidence for multiple 


after HPLC on 

GH forms in somatotroph 

GH forms in somatotroph 


on reverse phase 
columns 

subpopulations 

subpopulations 






IW 


Objective d3 . 


The "left leg" of our microgravity experimental protocol (Table 2) 
reflects the fact that we were able to store dispersed rat pituitary cells in 
a Shuttle Middeck storage locker and subsequently culture them on earth. It 
is emphasized that these cells were not subjected to CFE . 

The data in Table 6 provide the evidence which suggests that 
mlcrogravity-exposed GH cells are unable to release as much hormone as their 
corresponding earth-based controls. Thus, GH production (i.e. GH in medium 
intracellular GH) was 20.3 times greater from control cells than from those 
exposed to microgravity (Table 6). Most Interestingly, PRL secretion was 
affected in exactly the opposite way. Thus, PRL release was 4x greater from 
the same microgravity exposed cells (Table 6). 

Table 6 

GH AND PRL PRODUCTION BY RAT PITUITARY CELLS IN CULTURE AT UNIT GRAVITY 
AFTER PREVIOUS EXPOSURE TO MICROGRAVITY OR UNIT GRAVITY CONDITIONS. 


Gravity 
Condition (xg) 

Temp 

"C 

Intracellular GH 
(ng/1 X 10® cells) 

Total GH released 
from 1 X 10® cells 
during 6 day 
culture (ng)"*" 

ng GH 
Produced 
during* 6 
days’*"*" 

Micro 

AMB 

540 ± 70 

765 

225 

1 

AMB 

3,850 ± 1,410 

16,760 

12,910 

1 

4 

11,700 ± 3,240 

21,050 

9,350 


Gravity Temp Intracellular PRL 

Condition (xg) *C (ng/1 x 10® cells) 


Total PRL released 
from I X 10® cells 
during 6 day 
culture (ng)'*' 


ng PRL 
Produced 
during 6 
days'*"'*’ 


Micro 

AMB 

64 ± 5 

5,025 

4,961 

1 

AMB 

1,702 ± 395 

3,275 

1,573 

1 

4 

2,051 ± 218 

3,600 

1,549 


■•■lx 10® cells in 5 ml aMEM + 5% CS + Antibiotics. Represents total hormone 
in medium detected in two media changes. 

■*"*'Ng hormone produced “ hormone released - hormone Intracellular at seeding. 


Is there precedent for microgravlty-induced effects at Che cellular 
level? Yes. The recent data of Cogoll (1984; Science ) shows that lymphocytes 
exposed to ConA In space do not respond in the usual fashion. The 
implication(s) of "gravity sensors" within cells is discussed in a manuscript 
and talk presented at JPL in Pascdcna last December, 1984 (enclosed). A 
proposal describing experiments to further confirm and investigate this 
microgravity induced "secretory lesion" was submitted to NASA-Life Science in 
April, 1984. 

Objective //4 . 

The mammalian anterior pituitary is noted for extreme heterogeneity of 
hormone-containing cell types. The investigator Interested in separating 
these various cell types by physical means is, of course, required to monitor 
the quality of those separations by morphological methods. Currently, the 
most sensitive and specific of these is Immunocychemlstry. This technique is 
based on the ability of highly specific, non cross-reacting hormone antibodies 
to recognize intracellular antigens at high dilutions of antisera (typically 
1:30,000). After incubation with a second antibody system constructed to 
provide a staining signal (e.g. either fluorescence or enzme-linked 
conjugates) the frequency of specific cell type in a given fraction must be 
counted manually under the microscope to obtain quantitative information on 
the frequency distributions of that particular cell type. 

A typical CFE ceil separation experiment will yield 25-50 individual 
fractions for staining and subsequent microscopic counting for eahe of the 6 
pituitary hormones. Our usual procedure calls for random counting of 500-1000 
stained cells on coded slides by 2-3 investigators. As each slide requires a 
minimum of 20' to count, the amount of time and effort invested to get the job 
done is clearly not trivial. 

Approximately 1.5 years ago our Department was given NIH support to buy a 
flow cytometer. Mike Hatfield, a graduate student in my laboratory, has 
developed a method to count the different pituitary cell types contained in 
pituitary cell suspensions by flow cytometry. Basically the method Involves 
staining of ~200,000 fixed cells in suspension using primary antiserum 
followed by Incubation in fluoroscein labeled secondary antibody. The laser 
rapidly "counts" stained vs unstained cells so that 10,000 cells can be scored 
in a very few minutes. A manuscript describing this methodology, together 
with data on distributions of GH, PRL and LH containing cells, is currently in 
press ( Flow Cytometry -see Appendix). While we have not yet used the method 
on cell fractions obtained from the MDAC-CFE device, we are eager to do so in 
the future. 

Finally, we have begun to explore the possibility that specific hormone 
producing cell types have internal structures which can serve as unique 
Ingerprlnts” when the laser interacts with the unstained cell* Our data 
Indicate that GH cells, by virtue of their extensive complement of 
hormone^containing secretory granules, show a high 90“ scatter component. 

In theory we should be able to sort cells on the basis of this scatter pattern 
and evaluate them for B/I GH production. 


Objective //5 . 


Growth hormone cells are noted from their high numbers of cytoplasmic, 
hormone-containing, secretory granules. A major percentage of the tot ' 
Intracellular hormone Is, In fact, associated with these particles. We hove 
been Interested In Isolating GH from these particles using the CFE device to 
purify the granules prior to hormone extraction. Our reasoning has been that 
heterogeneity exists within the secretory granule populations, and that some 
Gll granules contain hormone with higher B/I activity ratios than others. 
Further we hypothesize that subpopulations of GH-contalnlng granules bear 
different surface charge densities on their limiting membranes and, as a 
result,, have different electrophoretic mobilities. 

Since It Is well known that GH granules in the human pituitary resist 
autolysis for at least 24 hrs. after death, we have been partlcularlly 
Interested In applying this approach to the human post mortem pituitary gland. 
If we could purify high potency hormone from this source, it could certainly 
be used for therapeutic purposes. 

That human GH secretory granule bear a surface charge Is suggested by the 
data In Fig. 10. These show that such particles have a mobility, determined 
by gradient density electrophoresis, somewhere between rat and rabbit RBC's. 


Fig, 10 


HUMAN PITUITARY 
CRANUUES 


2/3/a 


17-6.2% Ficol I 
0-1 +10% OMSO 
2S°C. l2mAmps, 
(GE-3) 


Rat Pac (12 mAmps) 

EPM * • -2.38 ± O.t A U(Ti-cm/ V-Jec 


/ human pit 
qronufes (IZmAmpsj^ 



^'^Robbil RBC (l2inAmas) 
EPM"» -2.18 ±0,11 /im-cm/V-sec 





The protocol currently In use to prepare a crude human GH secretory 
granule fraction Is given in Fig. 11. Most experiments use the "left leg" of 
this protocol, i.e. electrophoresis of the particle followed by solubilization 
for hormone assay. Results from a recent experiment, shown in Fig. 12, 
indicate that immunoreactlve GH continued in the gland of a 11 hr. post-mortem 
specimen is associated with particles which had migrated to positions 100-109. 
However , results from a similar experiment utilizing material from a 8 hr. 
post-mortem gland show that GH is much more heterogenous in this preparation, 
being distributed over fractions 91-140 (Fig. 13). We interpret this result 
to indicate that some damage had occurred to the GH in this tissue. 

Individual tubes from the experiment depicted in Fig. 12 were pooled 
according to the following scheme 0-89 (I) 90-103 (II), 104-109 (III), 110-200 
(IV). B/I activities of GH in these fractions were I - 0; II ■ 2.4; III ■ 

2.8; IV - 62.8. 

We believe that these results are especially important to the issue of 
heterogeneity of GH in the human pituitary and to processing of pooled samples 
of glands. If the distributions in 2 human pltuitarles are so different, it 
systems probable that hGH preparations currently administered to patients 
represent a mixture of electrophoretlcally distinct hormone species. 

Obviously, more work is required to characterize hGH from this source of using 
this unique approach. 
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